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(54) SIUCON MONOCRYSTAL PULUNG DEVICE AND PULLING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CZ method of silicon 
monocrystal pulling method and a device for the same which can 
improve an acquisition rate of non defective crystal (perfect crystal) and 
its sureness. ^S^E^JSl* 
SOLUTION: The silicon monocrystal pulling device is pulling a crystal 
from a silicon molten liquid surrounding the crystal with a heat shielding 
body. At the time of pulling the monocrystal from the silicon molten 
liquid, parameters are set to form a non defective region in the crystal, 
among them at least a distance from a bottom of the heat shielding body 
to the level of molten liquid and the pulling speed of the silicon 
monocrystal is set so as to be kept in an allowable width. Thereby, the 
sureness for forming the non defective crystal region can be increased. 
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(57) [Wm] 

©SF^irt cc A S J: ^ {cg:^ L r y n >^i^SCD? I * 

±if ?:?T 5 c i tc J: o r , MKm^^wmm>mi.^ 
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1 

*tc^Pi«SB^MJiii^:ffM-r s ^(c^5 n s-'N- 7 - 

g l±if -s y 3 >ma^? Sgr- s> t , bstib y 
~> y 3 >is^©ct^*^ »E. g i±tf p. nr y a ymm^m 

r «BFf^®itgipiF*3k: AS i ^ fcss 5> y 3 >#i® 
B^©g I #±tf ^ci^#S![i-r-svy3 >^MSf i 

[ iS*^ 5 ] y 3 >iS}S© 41 ^ y n >ms$B^ ^ 

y 3 >is-«©43*^ 6 § i±if 6 (, i -2> y 3 >m^B^ 

tp^wm^i ■c<om^=&m^icfm-r 5 c i k j: o 
r , iy y 3 >^iSa^©? liifMSK:* ^m&co^m^n 
r y 3 >#,^B^©? I ^±if ^tf t^fS J; ^ «: b/c c 
i^&!^«k-r4s^y 3>#igs?f±ifiig. 
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[ m^m 6 ] y 3 >i!tig©ii3*> p, >- y 3 >mB^B^ 
g i±tf s y 3 >#j£b^? i±tf $>-ox. mizi^ y 
3 >^^©jaH*iBi^-r ^mmm^^m^ s y 3 > 

bU^^ib -> y 3 >^Mh^©? I # ± If ^ c i i -o r 
fti^isfeB%0«5*^ < ^t?-> y 3 > ^ > 3 5, h =&igji-r 
s c i *!^« i -r s y 3 i±if ilg. 

6 i^-rnA>iBtit©-> y 3 >#g^g i±tf ^a, 

[ 8 ] mf^m Atf^hi u-rn*iiBi8® y 3 > 

<#Oi^y3>-f>3r.;; ,.g^^ 

[a*:S9] S3£GAP«rg|±lfS©0. 2-0. 5 
fSiU. C©GAP^SS{ii± 2. Omm«F*5(CftlJfflIL. 

[if 10] p< h U'^;u*iai^s;&ffi(,iT^iii5 

fcG APffliglSGA P©M^^;U';'^a|f)S(C7 ^ - 
K>'^' UJl/'^ ^iH 0 ^iS^-r -5 c i J: tj G A P >&iF» 

[is*s 1 1 ] mm^^mt -s c i j; o ^ i±tf jia 

©«pSifi*Ji;i-/*c: i^mtf S*i^lSB^©Wfi£:& 

[0 00 1 ] 

[^BJ©M-rSe^»J^^lf] JjS^HJH. ->y3>i4ig©iti 
30 *>ei^y3>#MS5:g[±tfS9^af (C 

zi4) i^y3>mfeBS^?i±ifgasc;f7^ffi. #{cGr o 

wn- i nXm^'^itUx.^miMt^^^ ^iy 

y 3 > > 3 y v^icmmipr>mm^B.< i^i&^^^i, c 

TS^Oi^y 3>-f hAi?.4:'9^<©^S^<^ 

3 >m^B^? \±immRay5micm-r^, 

[0002] 

[St*©S'«] 3a¥©*^{*[siss©]^ai«a • Wimmc 
40 Sjts{c*jt,>r4-rafe^^iijffi©ffij«©s*«>?^<-&o 

*e«j«t«:ftij® 0 r y 3 >#tta©? i *±if >s:ff ^> j£:<s 

ASS) -5. 

[00 0 3] ccr. czffirs^y3>^^a^;&?|df± 
ss-ffijfi^©tt:^rsijas«jiBG t »-r « s n 5 v /g <k 

50 OSF V>if^<om^^<OW^Lt£l>t^^i^fS. 



3 

[0 004] . ±immW'S - 3 3 0 3 1 6-^<& 

mat. mx^m^B (^^Mb^) (Dmxmmm^mi&'r 

v' y n >(DI1«^.;^)^ 6 1 3 0 0 •CCorBl^tt^l^OigH^ 
:^$n€)J:fc:!&«0. 2 0 — 0. 2 2 rrm'/'CminihJ^cC-Scfc ^ 
[0 00 5] CCDffi^C^>. V/G-C^^$ni>»i7xy^M 

g^lB^ G e <h L /c ^ CC. Ma^W/^Silg V ^S^fi! ± 
0, 0 2mmfe(l^. AG= G e - G c ^ 1 •C/mmJ^F^ 
(^cmmt^Ct (#lfWl 1-1 99386) •?>/Ge 
= Gc±0. S-C^MaJ-r-SCi (#18^1 1 - 1 9 9 

3 8 3) rjit^^smm^tixi.>i>. 

[000 6] 

-330 3 1 6-^<&«) xvyG^n^j:<mmT^c 

[0 00 7 ] -eoSSiUr. ^r. *IStcti;E^;^^> 

[0 00 8 ] ^fc. ^\^(fCfmmm^^s^nx\.>i>c 

X^omm. *£H^W^B#©|?ffia^(Dtt:&[pJSS^S5G 

cDS:;^f^©JS^^7!^5^fbL. S:^r^(DV/G30^^>ftLr 

L^^cttrj::h(Dx\ m±i.rMm(D^m&m<mm^ 
[0 00 9 ] Htc. i6::^f^£a^i2G^*ij^aj-r^i«^^c 

[0 0 10] cti^ot>rM^i¥lffi^Si?3*r'Si. 

iiimmW-S - 3 3 0 3 1 e^i^lR-C-l'x.tf. G:0^*S:/^ 
[^lra^—X$>tl{t. mt^G=3. O-C/mmCDi^. ?| 
€?±CfiISV«. 0. 6 3 ±0. 0 3mm/miniC:3>ho 
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B^) cDMii;^>^^pjt6i^c^. cn^i. *m:^f^cDGcDffi 

W^\^X(D^iti}^ 1 0 ^tCST-S C cf: {t+^t^cmc K> 
#gg¥8-33 0 3 1 6-^>Z^$R^Cj:oTM*^n;c 

-nmx^t. mm^¥m(ommtm^x:^^%t^i,<Dttx 

[0011] *^HJ«. ti±Oct^?S:iSjlI^cii^r^j:2 

tifc^(Dx^^. ^(DBmt. mxmm^B (^^m^^) 
10 <DWLnmt^(Dmm'&^\P\AL^'^^cti)^x^^^':>tsi 

[0012] 

ifcmmmw^m^ ^ c z a v y a >^jis? ^g^c 
t^at. m&mi^^f)^hmmmm^x(D^m mr. m 

TGAPJ (D^it^S^ S^B^WfiK^CD^ffiififf 

20 cDSg^gffiG^C;^^ <S^L/ri^5<tl^^Ci3&^«0. 

aj: o r ^ c i ^^«H^ L//co 

[0013] ^bTHtC*^|g^?,ti. JilBGAPCD^ 
[0 0 14] CO^i^^txCt'f)^^. :^^?|CCfct>r». 

30 wF<o^^tj:yym^&^!^mj:i>(DtLxmmir^. 

[00 15] (1) v'y n>I4ttcD*:j!?>6>'y =3>^ 

m^B^^\±i^^m^^B^\±^mmx^'^x. suiBt^ya 

immxiy y n >#jtB^B©? I #±tf ^tf ^ i^^^c. Mia 
Ms^ttiSM:^^ ^Mmmrn^xo^momtm^mm 

^i^i^^B^hm^omm^-K^^y^mo 

[ 0 0 1 6 ] C CX\ ±iE ( 1 ) &Ci^'5:^at3:. i^y 

\^^mmt ^^BXmm&o:>iKA'^{mmt on^Ajrc. 

*SB^^^Ri3&5^'n(Dit^c7:)S^t44?t|8k:L/ciS^tc 
[0017] c(D^'?rj:ctf)^h. *^0>a^<J:n«. « 

/c^CDy?^Tie(D (2) rfe^o ^fc. *^?3c7)S:$i^S 

ccM6ur. M^^RlSB^cD?|#±tfxgtc*jCir. s^y 



(4) 

5 

fcfeOjOSTia© (3) -c&s, 
[0018] rjiis. ccr-m^ ^^^^Xh^i 

K^^PS, l£{4^'^X$-, OSF 'J>^'^©Gr own 
- i n^'^ll^l^lffe-r.S. ttc. Tie (2) O r^^CDl^F 

mifiwtm^m (CCD rsw^sfij i(,^^cD«. mm^ lo 

[00 19] (2) s^y 

tf $IS-e 3 >#jgs©? 1 1 ±tf ^ «^tc > 
«tt^i«MB^B^i^^ffM-r s^^c^ss y - K 

[0 02 0] (3) '>y=i>®rjgocfi:<pe)->y 

m^B^^ \±if^m^^B^ \±ims-c$> o-c. H?ia-> y ^ 

tfsg-c'> y 3>#MB^©?i^±tf ^ti^K. y 
Mi&wm t x-<Dmm(Dmm(m^&ii^-r cticjz-^x 30 

[0 02 1 ] «±©<fc ^^c*^Hjtce^^5^i4^rSIJg-r^> 

/cftfcjfS^cc z^i/ y 3>*es?l±if^g«J&(T© 

J;^i^j4>©-C*>-5„ 

[0 02 2 ] (4) v'y3>iS^©ct3*^6>'y 

6§i±tf enri^^i^ y 3>*^H^l3(c*^^PiS*SB^Bffits 40 

t ^miZBMMitJSm*^f:>WMi^mtXcr)mMRZ^W!U 
-> y 3>^^a^©?l±tfas«:oi,>-c»B'fS©i*g*irt 
fcA-S J: ^ (esse ur -> y 3 >#MS©? I # ±if =&tf 5 
c i i f -5. y =3 i^m^^B^ i±if «g. 

[0 02 3] (5) ->y3>iijg©n|3*.6i^y n># 

fes?:? i±if -5 -> y 3 >mm^B^ i±tf fiar* o r > tu 

y=j>m?i^?l_hif^gcc*ji,»r. y ^ >SSRg©tfi3^ 
e>?i±i/6nri,^-5i' y 3 >#^B^*ccMi^FiiSa^^ai-i 50 
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? i±if astc* sgg©^?s^^ o r y 3 >#i{gs© 

? I # ±lf ^tf Uf#5 J: ^ K L/c C i i -r 5 y 3 
[0 0 24] (6) '>y 3>^?^©**^'E>i^y 

ig^a*? I±if -s '> y 3 «g-c* r . fj 

iSi^ y 3 >miSa^©;iH?rH^r ■5iiffiK«:?r<1^5 
y3>#J*BSa?I±tf^gKfct,^T. :^^C<<!:fe. BUIB^ 

S^®? I #±lf ^^f ^ c i J: o -C3tei^RS*Sa^«g^=&^ 
<$tfi/y3>-f>=f-j. h5rSS!ST.5Ci€:!|^i-r.S 
i>y3>#^^?l±tf^g, 
[0 02 5] ( 7 ) i> y 3 >I4?K(c>tf L. r mis^EPtti 

■r^mmwm^m^m^xi.^i>ct=s:^t-r^ (4) 
(6) i^-rnA^^KOi^y 3:>mB^Bgi±tfi^. 

[0 026 ] tjiis, mmt, 'J>tj:<th2 5 00 G«± 

©*^i«*EPijn-rs©*s»* Li\ mmici, 2000 

Gt(T-C« X >'^®F«3©G©i^— i »? . 5 

0 0 0G«±-C»iPoTte^Pfi'ft**5M{fr-5>i^^6 
ia-5)®-C. 2 5 0 0 G~5 0 0 0G©3IH-CigK-r'S© 

[0 02 7] ctie>©$lg«:j:o-ci?3t3ti 

/cJy y 3 > ^' > 3- h t*. fit*© 4>® J; 4>teJ^RI^,j^ 
*^<#^?f. Sfc. M^^RIMi|??f$s£©?iS*>Kl.^Ci*^ 

e , t/ y 3 > > =f i> f- ^mmimic^wc^^ i±if /cti^ 

r-«>. :^Md°b (^teXRSM^l!(^?&^^^-c•(-^^^uJ;^.^c5^ 

K:?|±lf6n. MiiSnfci^y 3>W>:d'2' h»fc-e© 
[0 02 8] (8) (4) ififb {7) l>-rtLi)^§Bm<D 

~> y 3 >#iga^g I±if ^gK J: o rSSit^ infc. mzm 

M^*^<$tyi'y 3>^'>3-.^ 

[0 029] w.ic^mMia6i,>xii. j:<oM,iimmm 

tLX. jyT©J:^^c:&Sfe^tf. 
[0 030] (9) mMGAP^^\±l-fm<DO . 2- 
0. 5fgiU. C©GAP?r^Sffl± 2. OmmJWrtfC 

[0 03 1 ] (10) y^uh u^;ut^ai$|g*ffli,»-r 
y \'->^-y i'LX)V-y^m<Oi:VS&-r?>Ct<,cj:*)G 

A p ^mmicmmf ^ysm. 
[0 03 2] (11) mmi:wm-ri>ctic^<om± 
If as©i¥^i5i^)x:if s c t ^i^mi-r s*ii«;Pife^ 

[0 03 3] [ffli§©^il^] 2f:B«lfflS«:*ji.ir , r 



[0 034] il^^©«. 

KC^?l=i):>^PS, ^{bM^aSM^^IlCO S F ; Oxidation 
Induced Stacking Fault). S.O*^<4i'-7:^i?©l>-^ 

CO S F : Q>cidat1on Induced Stacking Fault). S 
CJfKfi i' -7 ;^ * CDl » m «> L (, C <!: 

[0 035] ri^ii^flij ». /i*JHi!ii?K?^*^e.©$§sf 

-*^6©^^H'E)*^©JfJT'Ma5bri,^2)4>©T-&n«, 
*:^HjK:^.2>?»ig^»i L-c«fig-r2>©K:+»-cab€>*> 
e>. M6*^©J^-C?^SfR«rtf^)fc©.-C&5|!gi). *^H^ 
k:*} ^ r#jlK»J ©mtc^ ^ n . 
[0 03 6] Ti^y =j>M!6ig«:^pfo-c)m>l:EnJjp-raK 
WEPttl^Sj <!: L.-r«. m^\t^mSb 6 -45 88 9 
#^2^K:ga^3n-CC»-5 J: ^jQ:^>©*ffifflt--SC iJ&i-C 

(Dt L/r», ^giBS5 8-2 1 749 3-^<&fE«:|3^S 

[0037] 

fctb<Dc z 3 >*fSB^? i±tf iia©* h v^- > 

©S*<t^*7KLfcH-e*-5, c©HUc^$nSJ:^ 

">;K2 1i. C©iU-:'sK2 1 *»nJgl-r-5b-4'-2 2 
<!:, i^'J=>>Sfi?tl 3jir.e.@lte3i*e.n^cCA^e.^l±tf ^ 

ns^^B^i 1 4lX'3H^•c^te^MH^l i-^©ii«i8i 
?:Enfln-r-5>fc*©v uy-r K2 7 i. ^^t?. 

[0 03 8 ] CCt?. fSiS^»2 31J— )}S:e^k:«;i7---l< 

imr c i tc J: -c^B^ 1 1 (mm(Dummmi^7 

^. Sfc. t-:S?-2 2«. 112 7(C^34a-5J;^tC, 
JffiCC{3:-9--l' Ft-^f-22ai'-i<hAt-5J-22b 

[0 039] *^?B^IISS-r^^C*/c-5T«, ^.jg^tt 
JSM 2 3 a 35^e>^jtB 1 3 a S ■C©ffig| L €:f»S«:ii 

mr^i>(otLx^m2 000-03303 onic^i, 

•5. *br:*^^?g©||iS{c*)fc-5r«. #112 0 00- 
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0 8 3 0 3 Omc^^^Jl^ h U-^Jl-^ttSJIStCi-o-CH- 

ofccfc^^cJt^fci*. m«>'i'-:"J<2 i?r^p«5-i±rc 

[0 04 0] CCt?. 02*JJ:J>*S3«, #^2 0 0 0 
- 0 8 3 0 3 0-^(C«^-S^;U h U^)V^tiimm.<DmMB 

^mmt b/cffigtH-jSJa::! h 8 <&»fflL.-C*J«) . C© 

M 1 3 a tcaW-r ^ U — »f -TfeMlhtll i . i-"; a >i4fg 
1 3 aA^e^Urt/cU— !f-3t4S3t-r'5S3fe 

[0 04 1 ] ^br. lESitfi'JjL^ ^, h8*^6[B:b3n 

— !f - Tfe 2 « X + + > 5 V - 2 8 1? si-f 5 1+ e. n . 

AS*^.l 8*SjaL/r. ?l±^f^S©5^1'>-'^*- 1 7rt 

tciags nfc^^r^ y x a 2 o srig* u . v y n >®! 

mmmi 3 aKSS^^iT,^. i^';a>i4?$fgffil 3 ate 

ia*f3n/cu— tf-3fe2«. cc-r— H^MS«*b. 

20 ?^^2 3©TSSg|5^ (SM) 2 3a«:HTg!l;:^5i<5, 
h3 1*5^/c5. ^bX, l».iiK{*2 3©Sffl2 3 ate 
H-aiJ;=^=i< h 3 1 i U-C.HSJ^^n/tL'— !f-3fe2 C 

1 3 sLxmrnmrno (.—^xmi^) . :7*yxA2 0. a 

tf^-18. ;^=^^i'>5 ^-2 8^^fiL.-C. 

h8CCAIf5nS. HMiJ*?:Mai bfcS68lttS>J 

5, h 8 «. -e-©(tJ{crtS63nrc»s u—!f-3^*f 

igi^7¥;S©FB^©!ggi. U— tf-7fe©M*fftSUf^ll 
«fc<P. ^£-©i^©lSil (Dw) =&»taf-S. 
30 [0 04 2] i^K, ;^ + -i'>5-7-2 8^0fe$/ciWi^ 
i&§-&-SCitcJ:t). tfSiJX;i<-:; h3 l=&l^iiMi*2 3 
©T4Sa5©±ffi2 5(C#S!i§-tf. ^CA>»E>©g:iW3fe (— 

AKmyt) ^. 7"';xA2o, A*f^i8. x4^ + >5 

il?i|^a©*aK:J;-,r. «litS5^ 2 3 ©TJ^aJ©± 

6 ^fln^ S C i J: -7 r . ^iisSf* 2 3 ©T4S§|5©affi 
(fiS) 2 3a Sr©SEiS ( D s ) ^rJRi*?.. 

40 [0 04 3] ^L-r. ;^© (1) S;(cj:i3. i^M^i*;^ 

B2 3a*>6.'>y3>S!(«K^l 3aS-C©gEg| (GA 

p©isgi) L=&ttSfr-5. 

[0044] 

GAP©iE§|L= (Dw-Ds) /2 • • • ( 1 ) 
[0 04 5 ] 

[*]^^] si(cn^3n^.<fc^^cczffi-> 
G A P ©ffigf L frc*t L- T?smK:$iJiai^?T r mfSa^B^ ? I 

50 i±r. mxm^^B<DmfSM^im^tc. mmmmz o 
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[0046 ] m^mX'm<D»mt. -flge^jfcuSa^^i v 

g{ai'^X:5?Kot,sT«MtHf S e c c ox.v^>^^ 

•r^scitcj;*). osF{coi»rtt7 8 o'crs^ras 
cx^ntc^< 1 0 0 0 -CT 1 6 e#F5©M{bl4l»Ma^ l 

[0 04 7] ^tte. GAP©ffiitL«6 0mm#ifi-Cia 10 

mL. ieB^?l±tfiiav«^^R^-e»0. 4mm/m 
i nmKi^c-S«fc^(ci)S^L/fc, ^/c. ltSJS«. 30 0 

0 GOTic^mm^eiim utc 

[0 04 8 ] [GAP©!SitL(Di-Hg(] GAP©Sg^L 
B. ±ie©^ei2 000-08303 0#(C^S^;U h 

•JJIfC^^-hVfyi'U. GAP©imStL!&i9:Sffi± 

2. Omm/m i nJilP*g<!:^cS<j:5fCflJ®)-r-S<!:|^KS 
tc> teHli?l±tfaSV*5^5E«i± 0. 0 1 mm/m i n 
Jj^rt i -5 J: 5 icmm Ltc. 20 
[0 049] [ -flSfiij^c C Z 3 >#JSh^? I ±lf ^ 
g*fiMl/fci*©GAP©SEitL©«6-o^] t-r. 

0 uc^$ n-5 J: ^ ife c z 3 >am^3 i±i,ms 
P omm L -s J: 5 (cfijffl) b r , ^^111 y n 

*©GA P©K«L©jlSiJffi>&^Lfcfe©-C*-5. 

[0 05 0] c©a4jc^i^§n-sj:^tc, se**i<=>©# 

iSK:J:^-C$lja}L/?cil^(C«, GAP©ffig|Ld5— 
ic. S^^^■>;l^■F«3S©>'^-^•>+. i^yn^mSB^W^^ 

©53?©--it 0 *i <fc vfmm^i^tiim-r -s c i 

(C^iH L/ ri ^ -5. © i ^x. 6 n ^> , 
[0 05 1 ] [MS?f±tfjiev©fim GAP©ffig| 
L©»] 

<igB^?i±ifiiKv©i'»©sa8p >$-r. 

**^6tTtonri<i-5:/7-ffifcmv GAP©KgtL?r— ^ 

mimmFB<Di'^m^^^tc. 4o 

[0 05 2]-r-5i> S5tciJ^5n-2)J:^tC, JSb^b?|± 

«:-rn-5:^l*t?JR*ofcfe©©, GAPOKglLtCOli 
t:«. ±IB©#ra2 000-08303 0#tC^-5y-»U 

9\-tii>cttfm-yfc. c©xu«. fes?i±if®a^© 

IgPtri*. 4inm~8mmK:'Jj^L?c. 

[ 0 0 5 3 ] L/-C. i5^^ ^©Ttc^snr 

?&accS^$nrt»-5J:5«:. GAP*a«i*«GAPtS:S 50 
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[0 0 54] C©S5*^6. mtti^tb(0:f3m-Cit. US, 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]lt is a crystal pulling device which pulls up a silicon single crystal out of silicon melt, 
When raising a silicon single crystal with a crystal pulling device provided with a thermal shield 
which surrounds the circumference of said silicon single crystal, How to improve the 
reproducibility of crystal defect distribution within a field of a silicon wafer cut down from a 
silicon single crystal by pursuing variation of distance from said thermal shield bottom to a melt 
oil level, and holding down the variation concerned to the minimum. 
[Claim 2]lt is a crystal pulling device which pulls up a silicon single crystal out of silicon melt. 
When raising a silicon single crystal with a crystal pulling device provided with a thermal shield 
which surrounds the circumference of said silicon single crystal. About a parameter set when 
forming a defect-free crystalline region into a silicon single crystal which can be being pulled 
up out of silicon melt. How to increase accuracy of defect-free crystalline region formation by 
setting up enter in predetermined allowable width at least about distance from said thermal 
shield bottom to a melt oil level, and pull up velocity of said silicon single crystal, and raising a 
silicon single crystal. 

[Claim 3]lt is a crystal pulling device which pulls up a silicon single crystal out of silicon melt. 
When raising a silicon single crystal with a crystal pulling device provided with a thermal shield 
which surrounds the circumference of said silicon single crystal, How to enlarge allowable 
width of a change in pull up velocity of a silicon single crystal by increasing precision of control 
of distance from said thermal shield bottom to a melt oil level when forming a defect-free 
crystalline region into a silicon single crystal which can be being pulled up out of silicon melt. 
[Claim 4]ln a silicon crystal pulling device which is a silicon crystal pulling device which pulls up 
a silicon single crystal out of silicon melt, and is provided with a thermal shield which surrounds 
the circumference of said silicon single crystal, About a parameter set when forming a defect- 
free crystalline region into a silicon single crystal which can be being pulled up out of silicon 
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melt. A silicon crystal pulling device setting up enter In predetermined allowable width at least 
about distance from said thenmal shield bottom to a melt oil level, and pull up velocity of said 
silicon single crystal, and raising a silicon single crystal. 

[Claim 5]ln a silicon crystal pulling device which is a silicon crystal pulling device which pulls up 
a silicon single crystal out of silicon melt, and is provided with a thermal shield which surrounds 
the circumference of said silicon single crystal. When forming a defect-free crystalline region 
into a silicon single crystal which can be being pulled up out of silicon melt, by controlling 
precisely distance from said thermal shield bottom to a melt oil level, A silicon crystal pulling 
device characterized by enabling it to raise a silicon single crystal with a certain amount of 
margin to pull up velocity of a silicon single crystal. 

[Claim 6]ln a silicon crystal pulling device which is a silicon crystal pulling device which pulls up 
a silicon single crystal out of silicon melt, and is provided with a thermal shield which surrounds 
the circumference of said silicon single crystal, A silicon crystal pulling device manufacturing a 
silicon ingot which includes many defect-free crystalline regions by raising a silicon single 
crystal, surveying and pursuing distance from said thermal shield bottom to a melt oil level, and 
controlling the distance concerned precisely at least as a calculated value. 
[Claim 7]lt is a silicon crystal pulling device of a statement 6 either from claim 4 provided with a 
magnetic field applying means which impresses a magnetic field to silicon melt. 
[Claim 8]A silicon ingot group which was manufactured by a silicon crystal pulling device of a 
statement 7 either from claim 4 and including many defect-free fields. 
[Claim 9]A single-crystal-growth method pulling up the setting out GAP, carrying out by 0.2 to 
0.5 time the path, and raising by controlling this GAP in preset value of less than **2.0 mm. 
[Claim 10]How to control GAP precisely by feeding back difference of a GAP value and the 
setting out GAP which measured precisely distance from the thermal shield bottom to the melt 
surface, and surveyed it using a melt level detection device to a crucible feed per revolution, 
and adjusting crucible delivery. 

[Claim 1 1]A training method of a defect-free crystal expanding allowable width of pull up 
velocity by impressing a magnetic field. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]A Czochrlski method (CZ process) silicon crystal pulling device and a 
method this invention pulls up a silicon single crystal out of silicon melt, It is related with the CZ 
process silicon crystal pulling device and method of being able to make the defect-free crystal 
(perfect crystal) which does not contain a Grown-in defect in particular able to form with simply 
and sufficient reproducibility into a silicon ingot, and realizing acquisition of more defect-free 
crystal wafers from a silicon ingot. 
[0002] 

[Description of the Prior Art]The demand of reduction of the crystal defect produced in the 
manufacturing process of a silicon single crystal is also becoming strong with improvement in 
the device property accompanying high integration and minuteness making of a semiconductor 
circuit in recent years. And in order to respond to this, when manufacturing a silicon single 
crystal by a CZ process, it is necessary to control the defect distribution within a wafer surface 
exactly, and to raise a silicon single crystal. 

[0003]Here, when pulling up a silicon single crystal by a CZ process, it is reported that the 
defect distribution of a crystal generally has V/G and correlation which are expressed using the 
shaft-orientations temperature gradient G pull-up-velocity V and near the melt. And in order to 
raise the crystal in which the crystal defect of the void defect currently called especially the 
defect-free crystal (perfect crystal), a dislocation cluster, an OSF ring, etc, does not exist 
(however, there are a thing containing an OSF ring, etc. these days), it is necessary to control 
V/G with sufficient accuracy. 

[0004]For example, to above-mentioned JP, 8-33031 6,A. When raising speed of a crystal is set 
to V (mm/min) and the average of the temperature gradient in the crystal of the shaft 
orientations between 1300 ** is set to G (*7mm) from the melting point of silicon as conditions 
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which form the defect-free field of a defect-free crystal (perfect crystal), Controlling so that the 

ratio expressed with V/G serves as 0.20-0,22-mmV*min, and pulling up a crystal is indicated. 
[0005]ln addition, in order to control the defect distribution within the wafer surface determined 
by V/G, When the shaft-orientations temperature gradient of the crystal center at the time of 
crystal training is set to Gc and the shaft-orientations temperature gradient in a crystal 
peripheral part is set to germanium, Controlling the crystal training speed V in preset value of 
less than **0.02 mm, and controlling deltaG=germanium-Gc in less than 1 **/mm (JP,11- 
199386, A), controlling at germanium=Gc**0.3 ** (JP,11-199383,A). etc. are proposed. 
[0006] 

[Problem(s) to be Solved by the lnvention]However, it is very difficult to control V/G with 
sufficient accuracy in the very narrow range (for example, JP,8-330316,A) which is shown, for 
example as training conditions for a defect-free crystal (perfect crystal) actually. 
[0007]lt is mentioned that setting and modification arise actually first as the reason in the 
quartz crucible by the radiant heat from the variation and the heater of a quartz crucible inside 
diameter, and the raised crystal weight and the melt weight calculated from the quartz crucible 
inside diameter do not become not necessarily the same. 

[0008]When the CZ process silicon crystal pulling device with which the thermal shield is 
installed in the furnace is used, a thermal shield expands and contracts in the case of raising of 
a silicon single crystal. And as a result, since the diameter direction temperature distribution of 
the shaft-orientations temperature gradient G near [ at the time of crystal training ] the interface 
would change and V/G of a diameter direction would change, even if it controlled with accuracy 
sufficient [ pull up velocity ], it became very difficult to acquire the same defect distribution with 
sufficient reproducibility. 

[0009]lt is what changes every moment during training of a crystal in G actually also in the 
case where the shaft-orientations temperature gradient G is controlled, Since it was 
dramatically difficult, grasping exactly distribution of the diameter direction of the shaft- 
orientations temperature gradient under crystal training was not able to acquire the defect 
distribution made into the purpose with reproducibility sufficient in a wafer surface. 
[0010]lf G is uniform radially, what is necessary will be just to control the raising speed V to 
0.63**0.03 mm/min, for example at the time of G= 3.0 **/mm, if it explains still in detail about 
this, and it says, for example by JP,8-330316,A, but. G is not uniform radially, when change by 
the radial direction of G reaches to 10%, allowable width becomes zero and the manufacture 
of a defect-free crystal (perfect crystal) of it becomes impossible. Although it means that the 
manufacture of a defect-free crystal (perfect crystal) of this becomes impossible substantially 
due to the homogeneous fall with radial slight G, It may fully happen that change by the radial 
direction of G reaches to 10%, and manufacture of a defect-free crystal cannot but become 
very unstable in the method proposed by JP,8-330316,A, 
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[0011]this invention is made in view of the above technical problems, and comes out. The 
purpose is to provide the CZ process silicon crystal pulling device and method of raising the 
acquisition rate and certainty of a crystal (perfect crystal). 

[0012] 

[Means for Solving the Problem]ln a CZ process silicon crystal pulling device provided with a 
thermal shield In a furnace as a result of this invention persons' repeating research 
wholeheartedly, in order to solve the above technical problems, When a defect-free crystal is 
raised on the same conditions. It turned out that change of distance (only henceforth "GAP") 
from the thermal shield bottom to a melt oil level has influenced greatly the temperature 
gradient G near [ under crystal training ] the interface, and it became clear that it caused 
variation in defect distribution of a diameter direction of a wafer surface. 
[0013]And this invention persons can hold down change of defect distribution within a wafer 
surface of the shaft-orientations temperature gradient G by holding down variation of the above 
GAP to the minimum further, It pulls up by it, finds out that the reproducibility of defect 
distribution within a wafer surface for every crystal can be improved, and came to complete 
this invention. 

[0014]Since it is such, in this invention, following methods are provided as a basic principle 
thing. 

[0015](1) It is a crystal pulling device which pulls up a silicon single crystal out of silicon melt. 
When raising a silicon single crystal with a crystal pulling device provided with a thermal shield 
which surrounds the circumference of said silicon single crystal, How to improve the 
reproducibility of crystal defect distribution within a field of a silicon wafer cut down from a 
silicon single crystal by pursuing variation of distance from said thermal shield bottom to a melt 
oil level, and holding down the variation concerned to the minimum. 
[0016]Here, although especially a method of starting above (1) makes a problem 
reproducibility of crystal defect distribution of the diameter direction in a field of a silicon wafer 
and size of crystal defect density has not considered it as a problem, when reproducibility in 
case a crystal defect is zero is ensured, it will be said that it raised accuracy of manufacture of 
a defect-free crystal. 

[0017]Since it is such, according to this invention, a method of manufacturing a defect-free 
crystal with a certain amount of certainty will also be provided. And what generally described 
the method is following (2). In a raising process of a defect-free crystal in the light of a basic 
principle of this invention, By giving a certain amount of flexibility to a change in pull up velocity 
of a silicon single crystal, what regarded this invention as what raised manufacture accuracy of 
a defect-free crystal, and generally described it is following (3). 

[001 8]A "crystal defect" said here means Grown-in defects, such as a void defect, a dislocation 
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cluster, and an OSF ring. Although a concrete numerical value under a certain specific 
conditions is specified in an example about "the inside of predetermined allowable width" of 
following (2), Then, a suitable value is set up according to a situation, without being restricted 
to a shown numerical value (this "suitable value" can be drawn by conducting an experiment 
shown in an example, and the same experiment, if it is a person skilled in the art). 
[0019](2) It is a crystal pulling device which pulls up a silicon single crystal out of silicon melt, 
When raising a silicon single crystal with a crystal pulling device provided with a thermal shield 
which surrounds the circumference of said silicon single crystal, About a parameter set when 
forming a defect-free crystalline region into a silicon single crystal which can be being pulled 
up out of silicon melt. How to increase accuracy of defect-free crystalline region formation by 
setting up enter in predetermined allowable width at least about distance from said thermal 
shield bottom to a melt oil level, and pull up velocity of said silicon single crystal, and raising a 
silicon single crystal. 

[0020](3) It is a crystal pulling device which pulls up a silicon single crystal out of silicon melt, 
When raising a silicon single crystal with a crystal pulling device provided with a thermal shield 
which surrounds the circumference of said silicon single crystal, How to enlarge allowable 
width of a change in pull up velocity of a silicon single crystal by increasing precision of control 
of distance from said thermal shield bottom to a melt oil level when forming a defect-free 
crystalline region into a silicon single crystal which can be being pulled up out of silicon melt. 
[0021 ]ln order to enforce a method concerning above this inventions, a suitable CZ process 
silicon crystal pulling device is as follows. 

[0022](4) In a silicon crystal pulling device which is a silicon crystal pulling device which pulls 
up a silicon single crystal out of silicon melt, and is provided with a thermal shield which 
surrounds the circumference of said silicon single crystal, About a parameter set when forming 
a defect-free crystalline region into a silicon single crystal which can be being pulled up out of 
silicon melt. A silicon crystal pulling device setting up enter in predetermined allowable width at 
least about distance from said thermal shield bottom to a melt oil level, and pull up velocity of 
said silicon single crystal, and raising a silicon single crystal. 

[0023](5) In a silicon crystal pulling device which is a silicon crystal pulling device which pulls 
up a silicon single crystal out of silicon melt, and is provided with a thermal shield which 
surrounds the circumference of said silicon single crystal, When forming a defect-free 
crystalline region into a silicon single crystal which can be being pulled up out of silicon melt, 
by controlling precisely distance from said thermal shield bottom to a melt oil level, A silicon 
crystal pulling device characterized by enabling it to raise a silicon single crystal with a certain 
amount of margin to pull up velocity of a silicon single crystal. 

[0024](6) In a silicon crystal pulling device which is a silicon crystal pulling device which pulls 
up a silicon single crystal out of silicon melt, and is provided with a thermal shield which 
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surrounds the circumference of said silicon single crystal, A silicon crystal pulling device 
manufacturing a silicon ingot which includes many defect-free crystalline regions by raising a 
silicon single crystal, surveying and pursuing distance from said thermal shield bottom to a 
melt oil level, and controlling the distance concerned precisely at least as a calculated value. 
[0025](7) (4) to (6) - either - a silicon crystal pulling device of a statement. [ provided with a 
magnetic field applying means which impresses a magnetic field to silicon melt ] 
[0026]As for a magnetic field, it is preferred to impress a horizontal magnetic field beyond 
2500G at least. Since a magnetic field is considered that the homogeneity of G within a wafer 
surface becomes insufficient by less than 2000G, and a rate of defect-free-izlng gets worse on 
the contrary by more than 5000G, it is preferred to adjust in 2500G-5000G. 
[0027]By the way, a silicon ingot manufactured by these devices, since accuracy of defect-free 
field formation is higher than the conventional thing, including a defect-free field mostly, much 
inferior goods (silicon ingot which does not include most defect-free fields) are hardly 
continuously mixed also by this raising wooden-clogs case in a silicon ingot Therefore, in this 
invention, the following silicon ingot groups which could pull up continuously and were 
manufactured are also included in the range. 

[0028](8) (4) to (7) It is the silicon ingot group which was manufactured by a silicon crystal 
pulling device of a statement and including many defect-free fields either. 
[0029]ln this invention, following methods are also included as a more concrete mode. 
[0030](9) A single-crystal-growth method pulling up the setting out GAP, carrying out by 0.2 to 
0.5 time the path, and raising by controlling this GAP in preset value of less than **2.0 mm. 
[0031 ](10) How to control GAP precisely by feeding back difference of a GAP value and the 
setting out GAP which measured precisely distance from the thermal shield bottom to the melt 
surface, and surveyed it using a melt level detection device to a crucible feed per revolution, 
and adjusting crucible delivery. 

[0032](1 1) A training method of a defect-free crystal (perfect crystal) expanding allowable width 
of pull up velocity by impressing a magnetic field. 

[0033][Definition of term] etc. In this specification, an "ingot" means a single crystal grown-up 
from silicon melt, it is started from an ingot, and a "wafer" is produced. 
[0034]A defect-free crystal (perfect crystal) means a void (cave) defect, an oxidation induction 
stacking fault (OSF;Oxidation Induced Stacking Fault), and a thing of a crystal in which neither 
of a dislocation cluster exists. A defect-free field (perfect crystal field) or a defect-free field 
means also in a crystal a void (cave) defect, an oxidation induction stacking fault 
(OSF;Oxidation InducedStacking Fault), and a field where neither of a dislocation cluster 
exists. 

[0035]ln order that a -thermal shield" may cover radiant heat from a raw-material-melt oil level, 
and heat dissipation from a heater in a furnace, it is installed in a furnace, but this serves to 
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rectify a flow of gas passed in a furnace. If lieat from a melt oil level or a heater is covered in a 
certain form as a result here even if rectification of gas Is a key objective, It is contained In a 
concept of a "thermal shield- in this Invention as long as a thermal shield Is performed in a 
certain form, since it is enough to function as a thermal shield concerning this invention. 
[0036]As "a magnetic field applying means which impresses a magnetic field to silicon melt", 
what is indicated by JP,56-45889,A, for example can be used. What is indicated by JP,58- 
217493,A can be used as what makes a cusp field also in a magnetic field applying means. 
[0037] 

[A gestalt for inventing] Drawing 1 is a figure showing basic constitution of a hot zone of a CZ 
process silicon crystal pulling device for carrying out this invention. As shown in this drawing 1 , 
a CZ process silicon crystal pulling device for carrying out this invention, The crucible 21 which 
stores the silicon melt 13 and rotates itself, and the heater 22 which heats this crucible 21, The 
thermal shield 23 which encloses the single crystal 1 1 which can be pulled up while being 
rotated from the silicon melt 13, and adjusts the amount of radiant heat to the single crystal 1 1 
concerned, and the solenoid 27 for impressing a magnetic field to the silicon melt 13 are 
included. 

[0038]Here, the thermal shield 23 comprises a carbon member and generally performs a 
temperature control of the side of the single crystal 1 1 by covering radiant heat from silicon 
melt 13 grade. The heater 22 comprises the side heater 22a and the tank bottom heater 22b 
suitably, as shown in drawing 27. 

[0039]ln carrying out this invention, it is necessary to pursue precisely the distance L from the 
thermal shield bottom 23a to the melt oil level 13a, and to control this, and it is suitable if a melt 
level detection device concerning the application for patent No. 083030 [ 2000 to ] is used as 
what measures the distance L precisely. And when the distance L measured by the melt level 
detection device concerning the application for patent No. 083030 [ 2000 to ] has shifted from 
a range set up beforehand in operation of this invention, it adjusts so that you may make it go 
up and down the crucible 21 for example and this may be returned to a fitness value. 
[0040]Here, drawing 2 and drawing 3 are the block diagrams showing an embodiment of a 
melt level detection device concerning the application for patent No. 083030 [ 2000 to ]. In a 
CZ process crystal pulling device provided with this melt level detection device, The distance 
measurement unit 8 which made triangulation a principle is adopted, and this distance 
measurement unit 8 is equipped with a laser beam exposure machine which pj-ojects a laser 
beam on the silicon melt oil level 13a, an electric eye which receives a laser beam reflected 
from the silicon melt oil level 13a, and **. 

[0041 ]And it is reflected by the scan mirror 28, the laser beam 2 outputted from the distance 
measurement unit 8 penetrates the entrance window 18, and it is projected on it by the silicon 
melt oil level 13a via the prism 20 made from quartz installed in the chamber 17 of a pull up 
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device. The laser beam 2 on which it was projected by the silicon melt oil level 1 3a once 
carries out specular reflexion here, and the measurement spot 31 hits the lower end part rear 
face (bottom) 23a of the thermal shield 23. And the laser beam 2 irradiated by the bottom 23a 
of the thermal shield 23 as the measurement spot 31 , It is scattered about here, and a part of 
the reflective scattered light carries out specular reflexion by the silicon melt oil level 13a 
(secondary reflection light), and It enters into the distance measurement unit 8 via the prism 
20, the entrance window 18, and the scan mirror 28. The distance measurement unit 8 which 
made triangulation a principle computes distance at that time (Dw) from an Illuminating angle 
and a light-receiving angle of distance between a laser beam exposure machine built in In it, 
and an electric eye, and a laser beam. 

[0042]Next, the measurement spot 31 Is moved to the upper surface 25 of a lower end part of 
the thermal shield 23 by rotating or moving the scan mirror 28, The distance measurement unit 
8 is made to receive catoptric light (primary reflected light) from there via the prism 20, the 
entrance window 18, and the scan mirror 28 (course shown with a dashed line among a 
figure). And distance (Ds) to the rear face (bottom) 23a of a lower end part of the thermal 
shield 23 is found by computing distance to the upper surface of a lower end part of the 
thermal shield 23, and applying the thickness 26 of a lower end part of the thermal shield 23 
with the same technique as a time of computing Dw. 

[0043]And the distance (distance of GAP) L from the thermal shield bottom 23a to the silicon 

melt oil level 13a is calculated by the following (1) type. 

[0044] 

Distance L=(Dw-Ds) 12 of GAP ... (1) type [0045] 

[Example][Setups] About the case where controlled precisely to the distance L of the crystal 
pulling speed V and GAP, and a single crystal is pulled up using a CZ process silicon crystal 
pulling device as shown in drawing 1 , it was made to contrast with the case where it is not 
performed, and the formation condition of the defect-free crystal was investigated. The 
experiment was conducted using a crystal 200 mm in diameter. 

[0046]After distribution of a crystal defect dips a crystal in an etching reagent, can generally 
investigate it by observing the surface, but. In this example, by carrying out unagitated Secco 
etching about a void and a dislocation cluster, after carrying out oxidizing heat treatment of 16 
hours at 1000 ** which follows 3 hours and it at 780 ** about OSF, distribution of the defect 
was investigated by carrying out light etching. 

[0047]The distance L of GAP was adjusted near 60 mm, and by the stationary state, the crystal 
pulling speed V was adjusted so that it might become about 0.4 mm/min. The magnetic field 
impressed the horizontal magnetic field of 3000G. 

[0048][Measurement of the distance L of GAP] the distance L of GAP. It measures with the 
melt level detection device concerning the above-mentioned application for patent No. 083030 
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[ 2000 to ], The measurement value was fed back to the crucible feed per revolution, and while 
controlling the distance L of GAP to become less than **2.0 mm/min of preset values, it 
controlled so that the crystal pulling speed V served as less than **0.01 mm/min of preset 
values. 

[0049][Dispersion in the distance L of GAP when a common CZ process silicon crystal pulling 
device is used] first, Using the CZ process silicon crystal pulling device as shown in drawing 1 , 
it controlled so that the distance L of GAP became fixed with the technique from the former in 
the device concerned, and the multiple-times silicon single crystal was pulled up. Drawing 4 
shows the actual measurement of the distance L of GAP when it is made such. 
[0050]When it controls by the technique from the former to be shown in this drawing 4 , it turns 
out also with thinking that it controlled so that the distance L of GAP became fixed that 
remarkable dispersion has arisen actually. This is considered to originate in the setting of the 
variation in a quartz crucible inside diameter and quartz at the time of silicon single crystal 
growth, modification, and a thermal shield expanded and contracting as already stated. 
[0051][Control of the crystal pulling speed V, control of the distance L of GAP] 
<control (the conventional method) of the crystal pulling speed V> - first, in accordance with 
the method currently performed from the former, the distance L of GAP was set up uniformly 
and production of the defect-free crystal was tried by adjusting the crystal pulling speed V. 
[0052]Then, as shown in drawing 5 , the crystal pulling speed V. Although settled only by 
shifting from a preset value slightly by the precise adjustment, about the distance L of GAP. 
When measured with the melt level detection device concerning the above-mentioned 
application for patent No. 083030 [ 2000 to ], it turned out that it separates from the actual 
measurement (GAP actual value = distance L of GAP) greatly from a preset value. This gap 
amounted also to 4 mm - 8 mm in the stage of the last of crystal pulling. 
[0053]And the defect-free field disappeared as were shown in the defect distribution figure 
shown under the graph and the GAP actual value separated from the GAP preset value, and 
the dislocation cluster has expressed. 

[0054]ln the method from [ from this drawing 5 ] the former, it can be conjectured that it is a 
reason which will be been because the GAP actual value was actually shifted from the GAP 
preset value that it was not able to be considered as a defect-free field about all the product 
object domains. 

[0055]Shortly [ <close control / of the distance L of GAP / (control experiment)> ], Based on the 
actual measurement from the melt level detection device concerning the above-mentioned 
application for patent No. 083030 [ 2000 to ], feedback control of the distance L of GAP was 
carried out precisely, and, on the other hand, it shifted intentionally from the preset value about 
the crystal pulling speed V. 

[0056]Then, as shown in drawing 6 , in the part from which the crystal pulling speed V 
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separated greatly from V preset value, the defect-free field disappeared and the dislocation 
cluster and the OSF ring have expressed. 

[0057]Even when it controls precisely based on the actual measurement and a silicon single 
crystal is raised from this about the distance L of GAP. in the part from which the crystal pulling 
speed V separated greatly from the preset value, it turns out that a defect-free field disappears, 
but. There is a certain amount of allowable width in it, and simultaneously with it, when the 
crystal pulling speed V changes in the range which does not exceed the allowable width, it 
turns out that a defect-free field is formed. 

[0058]While controlling precisely about <the close control (control experiment) of the crystal 
pulling speed V>, next the crystal pulling speed V, about the distance L of GAP, it shifted 
intentionally from the preset value. 

[0059]Then, as shown in drawing 7 , in the part from which the distance L of GAP separated 
greatly from the GAP preset value, the defect-free field disappeared and the dislocation cluster 
and the OSF ring have expressed. 

[0060]When the distance L of GAP changes from this in the range which the allowable width to 
the case where the crystal pulling speed V is controlled precisely exists, and does not exceed 
the allowable width about the distance L of GAP, either, it turns out that a defect-free field is 
formed. 

[0061]Based on the actual measurement from the melt level detection device concerning the 
above-mentioned application for patent No. 083030 [ 2000 to ], feedback control of the 
distance L of GAP was precisely carried out to the <close control [ of the distance L of GAP, 
and the crystal pulling speed V ] (this invention)> last, and it controlled precisely also about the 
crystal pulling speed V. 

[0062]As a result, as shown in drawing 8 , the defect-free crystalline region was formed over 
the large field of the manufactured silicon ingot. Most of those product object domains of this 
silicon ingot are defect-free crystalline regions. 

the acquisition rate of a defect-free crystal silicon wafer is markedly easy to be alike. 

[0063][Allowable width] Here, when precisely measured about the "allowable width" suggested 
in the above-mentioned experiment, the result as shown in drawing 9 was obtained. 
[0064]As shown in this drawing 9 , in being in within the limits which is the distance of L**2 mm 
of GAP, as for the crystal pulling speed V, there is allowable width of **0.01 mm/min. However, 
as shown in this same drawing 9 , when the distance L of GAP is shifted 3 mm, the allowable 
width of the crystal pulling speed V will narrow even in **0.005 mm/min and a half. 
[0065]Thus, as the distance L of GAP is controlled exactly, the allowable width of the crystal 
pulling speed V becomes larger. If it says in addition, in order to carry out this invention, it is 
not necessary to apply a magnetic field but, and as for the allowable width of the speed V, the 
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way to which the magnetic field was applied becomes large (incidentally, when a magnetic 
field is applied, the distance L of GAP more nearly optimal than the case where a magnetic 
field is not applied becomes narrow). 
[0066] 

[Effect of the lnvention]Diameter direction distribution of the shaft-orientations temperature 
gradient G under crystal training can be pulled up, and it can be made to change with sufficient 
reproducibility by a crystal longitudinal direction for every crystal by controlling the distance L 
of GAP with sufficient accuracy in raising of a silicon single crystal so that the above thing may 
show. Here, although it is dramatically difficult to keep G constant by a crystal longitudinal 
direction, since it realizes, controlling G of a diameter direction precisely by controlling the 
distance L of GAP with sufficient accuracy can also be stabilized, and it can manufacture a 
defect-free crystal. 

[0067]Namely, according to this invention, a defect-free crystal can be made to form with 
simply and sufficient reproducibility into a silicon ingot, and more defect-free crystal wafers can 
be acquired now from a silicon ingot. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 
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[Drawing 9] 
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[Drawing 4] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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[Translation done.] 
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